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IN TR O D U C TIO N
The existen ce of w ate rin aridz one sisqtlite differe ntfrom thatin htlmidz one sin many w ays･
IIlthispape r, a uthors tryto show the cha racteristic s ofinland w ate r
-riv er
, gr o undw ater and lake
w ater - in aridz o n es c ompared withtho s einhumid o n e s, A case sttldyhas be e ndo ne o n se ver al
lakes, groundw ater and river sin Xinjian A
Turfan and Jtlngarbasins have
in No rthw este rn C hla(Fig. 1).
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Fig. 1 Sche m atic m aps of T da n and JtLngarBa sin s (rightJu ngarBasin ,･1ea T 血 Basin)
Itis es sential ly a flat a nd little v egetated s emi
-a ridreglOn and is su rotlnded by high
Tie nsha nM ountainwi tha mea n 皿 n ualrainfallof betw een 5 Ⅱ1 m and550Ⅱl m･ In the s o uth of
Tu rfan
,
ther eis asaltlake, Aydinghol,in adesert a nd inthe w ester npartof Turfan ther e a re
se veralsaltlake s; o neis Chaiw opu ･ Jungarba sin ha sthe s am e clim atic c o nditio n as Turfa n
Ba sh a nd ha stw o s alinelakes , Aibir a nd Selim .
Al l theselakes shrinkage gr adually as a result ofthe deficit ofinnow w ater･
T he mo stimportantproble m o n wate rusagein a ari dregio nistheqtl antity a nd th
e quality of
w ater. In cr ease of w aterdem anded for agrlC ultu r e a ndh um a n lives c atlS edthelo wenlg Of
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gr o undw atcr kv ela ndchangedthe w ate rqualityto highsalt c ontent.
Our sttldybeganfr o m1992u nder c o oper atio n of China Ac ade my of Geographyin Xinjian , and
c o ntinu es n ow .
LIM N O L O GIC A L C O N D ITIO N S IN R E S E A R C H E D R E GIO N A N D LI M N O L O GI C A L
P R O B L E M
T his reglO nbelo喝StO arid z ozle With ann ualpr e cipitatio n290m m h Ur unql a nd o11y 20 帆 in
Tu rfan ･ Su rfa ce w ater andgro umdw ater ar e s upplied by rain w aterin highTie nsha n M ountain
dir ectly lnSum m e r S e aS On ･ In winter, precipitatio nis sto cked as s n o w orglacier a nd supplied
as m elted w aterinto rive rs as w ellasinto su rro unded a re asin U ru mqll n Su m m er. Ther ear e m a
nylakesin this r egion . Ithasbe en pouted o utby m a ny papers(Stre et-Perr ot, A. 197 9,1983, 揚
川徳 1993), tLat the surfa c eaTeaS Of lake sha v er e m arkn blydecr eas ed for the pa st ,5 0ye ar s.
The de cr e a sein innow fr o m riv ersha sbeen pointed out as this c a u se .
Low en ng of lake w aterlev el, decre ase h lake water v olum er, dis appea r an ce oflakes and the
illCreaSedsalinityha v ebe enobserved･ M o re o v er, the s alinityini1flow rive rsin cr eased ,to o.
The r e c ent expansion ofirrigatedar e a shas c a us ed thedecr e ase inthe riverinno w s(買買提
1988, 依江風 1 988)A Lake Aibir nthe northw este rnpa rt of Ju nga rbasin , for example, has
no in flows bec ause Ofsupplying w aterin土o theirrigated areas. As a re s ult,the su rfa c eare aof
lakehas beco me sm allerfro mlOOO 血1
2
in1970to500km
2
ill190 .
The dr ahage of filthy w aterfro m cultivated ar e ashas w ors e nedthe qual ityof riv er w ater and at
the s a n etin eca used the e utr ophicatio n of lake w ater･ These phen o m e n a cnbe obs e rved n ot
o nlyin Central Asia btlt als oal ove rthe w o rld･ Theyha ve be en dis c us sedinthetern s of
c o-'elation withc o n sitent clim atic changein Qu ater n ary(Ben s on . L. V . 1981)in thelo ng
tim e range a ndinthe sho rtra nge with thepresent artific aland naturale n vir on n entalchanges･
T he c onc entratio nof dis s olved stlbstancesinthelakeis rem a rkablyhigh, catlSed bye v aporation
and dis s olutio nofsalt丘om aquifer, baseion eB:Cha nge of w ater andthe change sin chemical
c olnPOn entS are als erious pr oblen s･ Turfa nba sinhas a s altlake, Lake Aydingho1 andtheba sh
'
slo westpointis -154m ･ Som elakes a re c o n nected byrivers h Uru mqito Daba ncheng andthey
change fro m &esh lakesto salt o nes･ Irlthe surr o unded are aof Tu rfan
,
the an cie ntkarezes
spr e ad and supplys om e w aterto villagesL Ca n als arebuilt rec e ntly and ser v e asir ngation
w ater w ay･ In Tt=rfan basin, zlum e rOuS kaTeZeS ar cc o n structed fro mthefo ot of n otlntaintothe
c entralpart, s oⅡ1 eOf which are Still in use and new ka rezes are under c onstru ctioTl now .
C H A R A C T E RIS TIC S OF C H E M IC A L C O N S TITUE N S O F IN LA D W A T E RS
The chemicalcha r acte ristic s of Uru mql riv er r es mble tho se of riv er w ate r in hu midregio ns,
but the abs oltlte qu aZLtities of ions a re la rger･ Electdc c ondu ctivity show s appro‡im ately100
m s/cm , w hich is about the sam e a sthat of riv e rsillJapan . Diss olv edsubsta n ces ar edetermined
- 262 -
by geoIDgy and clim ate and the a m o ult Ofc ontentsislargelydete min ed bythe c o nta ct tim e
withro cks and thedis cha rge ofrivers.
Fro m upstrea mtO do wn stre am all dis s olved contentsincreas e丘o 皿 abo utl･2m eq/1to 8 皿 eq/l･
No artific alpolluta nts seem to affect thediss olution mecha nism but o nlyc o nta ct with r o cks
and natural en viron melltSdo. T he char acteristic s ofdis s olved s ubstan c e si sho w nhthe
c o句)O Sitio n ratio of Ca/Mg.
The ratio does n ot change a srivers flo wdo w n a nd dis s olved c ollteJltSin cr e ase at a c ertain ratio.
Theincre as e of Na a ndrelative decre ase of K is an other chara cteristic s where compared with
riversin humidregio n s. How ever, the totaldiss olved substaJICe SOfriv ersin Turfan ba sh is
bigger than tho se of Uru mqlriv er. Chemicalc o npo n e nts of e ach river are abo utthe s a me but
the c o n ce ntration of dis s olved s ubsta ncers differ･Lessv egetation amdles spre cipitation catlS e Such
adiffe re nce. Chemic alchara cteristic sofgr otlndw ateris Carbonateflardn es sand No nCa rbonate
Har血 es s･ The abs olute qu antities of ions ofgr otlndw ater rapidlyin cr ea se fro mthefo ot of
m o untain sto the centralparts ofthe basin a ndthe maxim u m qu a ntities re a ches 4 00m eq/I+
Gro u ndw aterfro mkar ez ar o u nd Lake Aydingsho w sthehighsal inity. Fig. 2 sho w sthat the
salinityin cre ase gradualy fro m the foot of m o untainto Lake Aydinginthe c entralpart of Turfan
Basin･ The dis s olv ed s ubstazICeS are CO ⅡlpOSed of Ca > Mg > Na > K as the s alinity
hcr eas e･ T he s upplyr e s ou rc e sar e丘om Tien sh an m o untah, min a nd w adi. T he differ e nces of
the ratio of e ach co nstitu e ntbetw e e nriv ers andgro undw ate rare tho ught to be the res ult thatthe
stdace w ater perc olates to the grotlnd and Naisdis s olvedthrough thelo ng c o nta ct witll ro cks
皿d Ca o rMg are abs o rbedin strat um , T hisistheion exch ange betw ¢e nNa a nd Ca(Mg)
(Eriks s o n
,
E. 1985 ). Thehighsal hityinka re z w ater might be explmied bythetw o r e a s o n s二
Oneisthatgrou ndw ate r丘o m s urrollnded areas staysin the c e nter of the basin .
T he othe r r e asonis thatgro undw ater miⅩes withthepale o-lake w ater of highsaltc o ntent a sthe
result of Lake Ayding. The w aterqu ality of lake sho w s v arious a spects depending o nthe salt
content, 丘o m the highco 皿Centrated o n e srepr esented bys altlakesto thelo wbyfr esh lake s.
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Fig. 2 Waterqu alityin Tu rfa nBa 血 , sho wingthein cr e a se of anio n a nd c alio nto Lake Ayding( right N O 21), in the c e ntr al
pa rtfr o mthe fo ot of m otlntain(leftN o t).
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Na and Mgincr e a s ein a c c o rdanc ewith the saltin cre a se and anio n change sfro m HC O3 > SO4
> cltoS O. > Cl > H C O3 - aSpointed outby Scho elle r(1 959) and La ngbein (1961)･
HC O3-diss olutiondecrease s andpre clpitate s as s altin cr e a se s and ,NaCland MgClヱ hcre as e sirl
lake w ater. Fig･ 2 sho w s c orrelatio nbetw e e n anion ands alinity･ H C O3 Sho w sthehighe st ratio at
lo w s alin ityand decrea s e swithincr eas e ofs alinitybutCland S O4in cre a s ewiththe inc re ase
ofs alinity. HC O3Precipitate s a ndSO4 and Cl firIal1y oc cupie s m o st of it. More o v erin clo sed1
akes,the e v olution of w aterqualityfro mbica rbo n ate, sulfatety peto chloride typeis re c ognized
wl也 也eincrea se ofsaltconte nt.
T his conderlS a;lio n m echanism isthe m o stimportantfo rthe study of iTl ari dzon elim n ology･
Asto clo s edlake s a:IjGnjian are a, e v apor ation , pre cipitation andlake basin s are the m ain
ca u s e sto effe ctchange sinthe w ater qu ality. T he s alinity ofclo s edlake depends o n re sponse
tim e oflake w ater
,
and re spo n s eti me r elate sto the r atio ofe v aporation a nd the m e andepthof
thelake. T he nthe authorspre s u m ethatthe salimityofclo s ed lakeis c o ntrolled byhydrological
(m orphologic al) fa cto rs a s w el一a s clim adc factors･
Asto pH, riv e rs,lake s a ndgrou ndw ater sho w w e ak alkali, while gla cier sho w s w e ak cid･ This
sho w sthat their)land w ale rchange sgr adualyfrom w e ak a cidto we ak alkaliinthepro c e s s of
c orlC entration . S Oヰ aZIdClorlglnatefr o mthe ro cks and H C O3 丘o m C olin the air o ris
de c o mpo s ed 丘o m orga nic m a壬erlals.
LIM N O L O GIC A L R EC ON N AISSA NCE ON L A K ES u M
Lim n ologl C alre s e ar cho nSelim Lake w a s c arriedoutfro m Augu st of1 995to August of 1997
usingby a bo at and thefollo w i ng re sults w er epointedo t( . Lake Waterle v elsin openlake s
ar e mainlydeterminedbythealtitude ofo utflo w s a nd pre clptatio ndo e s n ot aHe ctitsle v el. Ho
w e v e r,ill Clo s ed lake s s u ch asLakeSelim , thein cr e a s e o rde c r e a s ein pre cIPitation change s w ater
le v els, Thelo w ering oflake w abrle v eljs v e rylargein clo s edlake s, s u chasL ake Aibir,
Lake Ayding andLop Nor As abo v e m entioned, a nd aspoirLted outby 揚川徳 (1993), thelo
w en ng of w aterlevel is ca u s edbya rtificalre a s orlS S u cha s w ate rus efo rirrigation andho us e
used T he re are n oc ultⅣ atedare as and n oirrigatio n ar ou nd Lake Sel 血. So w e c a n s ay naturalfac
tors change w aterlevels･ The waterle v el do se notchange s o much, which differs &o m other salt
lake s such a sAyding a nd Aibirlake.
1tro s egr adu allyfro mJune1to August18 in･195wi thcyclic v adatio n. Total incre a s e v alu e
of w ate rlev el is95･5 m min the s a m eperiod a nd thein cr easlng r ate Of w aterle v elis abo ut1.3
m m per day･ By pow e rspe ctru m anlysis, one peak who se period is3 0 min/cjs sho wn .
The pe akperiod is consistent with the the or etic alvalu e ofs urfa c e s eiche s calculated 丘om laketo
pography･ T he botto mte mperatur e at thedepthof 86.9 m show sis3,05℃ and thete mpe rature
profile 丘
.
o m s urfa c eto botto mde c re asesgradualyfrom 1 7.03℃ at the su rfa ceto3,05
く''
c atth
ebotto m , e x c ept at thetherm o cliTle Ofthedepth of 416m . Fro m thepolnt Ofther mal stratlficatio
n, SelirnLakeis dividedto thre epa rts, epilim nion (0-3m), ther mo cline (4-6m) andhypolim nio
- 264-
ebotto m, ex c ept at･the therm o clille Of thedepthof 4･6m . Fr o皿 thepoi山 ofthe rmalstr atific atio
A, selim Lakeis dividedtothreepa rts, epilim nio n(0-3m), ther m oclin c(416m) andhypolim nio
A(6m -botto m) fro mthe s u rfa c eto thebotto m a nditis cla ssi 鮎da sholo micticlake.
Itis rem a rkable chara cte ristic sthatthebotto mte mper atu r e血 o w s3.05 ℃ c o n side ringthe
te mpe ratu r eatthe m a由m u mde nsity of&e sh w ateris 4.0 ℃. re spectiv ely. (Fig.3)
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Fig. 3Sea so nd cha nge ofw atB rle v el in Selim Lake by atltO re C O rdng w ate rgauge fro m Jlln 8 tO AtlgtL St 血 199 5.
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Fig. 4 Te np6 r血 r e , pH, elcctdc c o ndtLCtivity ､ dissolv ed o xyge n a nd diss ol6 V Cd chemic al s q-bsta n c e s(m BqA)illS d 血 Lake
in su m m e r Stagnation pe riod of 19 96
Thetranspar e n cylS about7-7･5m , n ots ohigh valu eas an oligotrophiclake･
The chemicalstratific atio n c o uld n otbe rec ognizedin s um m er stagn atio nperiod of AugtlSt, h
1996 and 1997･ In August of 19 97, the a uthors set the a uto rec o rdingte mperatu rede vic eto
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m eas ure w atertemperaturefro m surfac etobottom in the de epe stpoht of Selim Lake.
By these a n alysis, the a uthors e xpe ct tobe clari Eedthe annualvariatio n ofthe rm alchaJa Cteristics
of de ep s alin elake.
C O N C L U SIO N
Asto w aterqtlality, co nc e ntr atio nis distinctin riv ers, gro undw ater and lake w ate r. T he co n stituti
- o n of diss olv ed s ubstan ces cha nges rem a rkably andthe cha nge of anion isgre at. The chemical
cba ra ct8ristics cha nge sfr o m c a rbonate typeto chlori detype･ T he con c e ntration of inla nd w ater
in crea se asitflowsdo wn and the maxim um of itis r e cogniz ed inthe c entralpart ofthe basin
andits valu e re aches400m eqnin Lake Ayding. Ge nerallyspe aking, allof theseinland w ater
e x cepts o me riv e rsa r ehighsaline w ater s. T he distin ctchangein w ate rle velofclo s ed lakes
is c a us edn otby naturalfacto rsbutby arti丘cialon es･ Lake Selim , w hichhas n oirrlgated are as
arou nd it
,
sho w sv e rylittle changein w ate rlev el, w hichis quite diffe re ntfr om other clo sed lakes
with izTigated are a.
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